Introduction
The advent of functional imaging has led to a new wave of insights into the pathophysiology and treatment of psychiatric disorders. In this Perspective, schizophrenia is used as an example of such a psychiatric disorder to illustrate these advances. Schizophrenia is a chronic and debilitating disorder characterized by a heterogeneous group of symptoms, including positive symptoms (delusions, hallucinations, disorganized thought), negative symptoms (flattened affect, stereotyped thinking, difficulty in abstract thinking), and multifaceted cognitive deficits, most prominently in the areas of attention, memory, and executive functioning (1) . Emil Kraepelin gave us the first clinical account of schizophrenia in 1896. He named it dementia praecox, literally, early or premature deterioration of one's mental faculties. In using this term, Kraepelin was referring to the fact that the disorder often strikes in adolescence or early adulthood and runs a chronic, lifelong, disabling course. In his writing about the disorder, Kraepelin emphasized the evident cognitive impairment in individuals that he studied, which comprised deficits in attention, motivation, problem solving, learning, and memory. He was also the first to link these cognitive impairments with poor functional outcome in patients with schizophrenia, such as deficits in social functioning, independent living, and self-care abilities. The term "schizophrenia" (schizo, split; phreno, mind) was coined by the Swiss psychiatrist Eugen Bleuler in 1911. Although Bleuler disputed Kraepelin's assumption that the disorder struck only in early adulthood and always entailed dementia-like cognitive degeneration, he agreed that cognitive impairment was a core feature of schizophrenia, or its fundamental symptom. Other "peculiar" features, such as hallucination and delusions, were considered by Blueler to be secondary or "accessory" symptoms.
The discovery of antipsychotics in the 1950s revolutionized the treatment of schizophrenia and directed emphasis toward positive symptoms. At that time, treatment with antipsychotics, with their encouraging effect on psychotic symptoms, led to the closure of most hospitals for chronic patients with severe and enduring mental illness and offered much hope for these patients to be reintegrated into society. However, by the 1960s it became obvious that a reduction in positive symptoms did not lead to recovery from schizophrenia and did not significantly improve functional outcome (2) . The understanding of the fundamental deficits in schizophrenia came full circle as it came to be accepted that cognitive dysfunction plays a central role in the illness, just as Kraepelin and Bleuler had suggested at the dawn of the 20th century. Cognitive deficits are a core feature of schizophrenia, which (a) may precipitate psychotic and negative symptoms (3); (b) are relatively stable over time, with progressive deterioration after the age of 65 in some patients (4); (c) persist upon the remission of psychotic symptoms (5); (d) are related to but separate from negative symptoms (6, 7) ; and (e) determine functional impairment characteristic of the patients with this disorder (8) .
Functional brain imaging in schizophrenia was originally intended to elucidate the underlying physiological disturbances that lead to manifest illness. This Perspective will deal mainly with attempts by researchers to understand the pathophysiology and the mechanism of drug action using functional magnetic resonance imaging (fMRI), a technique that has the obvious advantages of minimal invasiveness, no radioactivity, widespread availability, and virtually unlimited study repetitions. These attributes make it ideally suited to the study of in vivo brain function in psychiatric illness like schizophrenia, facilitating the characterization of developmental changes in brain function from childhood and throughout the clinical course of the illness, and in response to treatment. In this article, some current issues surrounding the interpretation of functional imaging data in schizophrenia will be considered. Various investigators have examined links between brain activation, cognitive functioning, and symptoms, in the hope of identifying those regions and circuits that may be abnormal in schizophrenia. Ultimately, fMRI may help delineate disease pathways based upon pathophysiological correlates that may complement nosology. If this is successful, neural network models might be built to emulate brain malfunctions for each disease. This, in turn, may lead to better therapeutic options.
Defining the deficits
The realization that functional outcome in schizophrenia is related mainly to cognitive deficits and less to psychotic symptoms (8) has led to the exploration of various cognitive-enhancing techniques for the treatment of this disorder. These have encompassed both pharmacological and psychological methods. To understand the pathophysiology of schizophrenia and to eventually develop specific treatments for cognitive remediation and disability reduction in schizophrenia, we need to understand the functional brain circuitry associated with impaired cognition.
In 1919, Kraepelin noted the similarities between the negative or deficit symptoms of schizophrenic patients and those of patients with frontal lobe lesions (9) . Postmortem neuropathology has found prefrontal cortex (PFC) abnormalities, including reduced neuropil (intraneuronal volume) without neuronal loss in dorsal PFC. This reduction was linked to Brodmann areas 9 and 46 (Brodmann areas are regions of the cerebral cortex mapped on the basis of the cortical cytoarchitectural patterns) (10, 11) . Other PFC abnormalities exposed by postmortem neuropathology include diminished inhibitory inputs from prefrontal chandelier cells onto the axonal processes of dorsal PFC pyramidal neurons (12) , and reductions in the abundance and metabolic activity of dorsal PFC interneurons (13, 14) .
Early fMRI studies involving patients with schizophrenia noted a reversal of the antero-posterior gradient of cerebral blood flow in healthy controls (15) , a phenomenon termed hypofrontality (16) . However, a comparable number of studies have failed to find evidence of hypofrontality or have instead observed a hyperfrontal response in schizophrenic patients (17) . The use of the term hypofrontality has also been extended to describe a failure of task-induced frontal cerebral response. Indeed, this has proved to be a reliable finding. Numerous studies have shown that patients with schizophrenia fail to show this task-related increase in prefrontal functioning.
The study of schizophrenic patients at rest using blood flow techniques has suffered from criticism that rest is a complex mental state in its own right (18) . Thus most studies have used some cognitive-activation paradigms that examine brain function at a fixed level of difficulty, usually at maximum accuracy in given cognitive tasks. Patients with schizophrenia almost invariably perform worse than healthy volunteers in almost any cognitive paradigm that has been imaged. Impaired performance of executive-function tasks has been associated with decreased activity in the dorsolateral prefrontal cortex (DLPFC) since the first groundbreaking studies in this area using the Wisconsin Card Sorting Test (19) . The first fMRI report by YurgelunTodd et al. (20) , showed left prefrontal underactivation during word generation. Although limited by the use of a surface coil, this study has been replicated (21) , and reduced PFC activation during the Continuous Performance Test has also been demonstrated (22) .
Later studies have related decreased DLPFC activation to impaired working memory performance (23). Callicott and colleagues, (24) using the N-back task, have reported decreased PFC activation in schizophrenic patients with impoverished working memory (24) , but increased activation in those patients with relatively intact working memory (25) . In the latter report, other areas evincing an abnormal response included the anterior cingulate cortex and the parietal cortex. The schizophrenic patients were treated with older-generation antipsychotics. The investigators increased the working memory load parametrically across multiple levels of load (N) and contrasted the regions that increased as N increased across groups. The authors confirmed the finding of reduced DLPFC activation and demonstrated that this result was specific to DLPFC in schizophrenics; that is, activations in Broca's area and in parietal, motor, and visual areas were normal. Decreased DLPFC activation correlated with both impaired working memory performance and ratings of behavioral disorganization in the schizophrenic patient group.
Using the Sternberg Item Recognition Paradigm, Manoach et al. (26, 27) have twice reported increased PFC activation in the face of diminished recall accuracy in schizophrenic patients. In the latter study, schizophrenic patients were found to activate the basal ganglia and thalamus, in contrast to control subjects. In addition to reduced DLPFC activity during word generation (noted above), Curtis et al. (28) found no difference in PFC activity during a semantic-decision task. However, reduced ventral PFC activation during a verbal working memory task has been demonstrated (29) . On balance, these diverse findings argue in favor of PFC dysfunction as a characteristic of schizophrenia, but the particular mode (over-or underactivation) depends heavily on the nature and demands of the given task.
A study investigating the association between behavioral and neurophysiological measures of working memory task performance in 20 right-handed healthy male volunteers reported that prolonged reaction time to a verbal working memory task predicts increased power of posterior parietal cortical activation (30) . This was consistent with prior studies that identified similar areas of parietal cortex as the site of the phonological-storage function in verbal working memory. In the study by Honey et al. (30) , a spatially distributed network was activated, including DLPFC, inferior frontal gyrus, lateral premotor cortex, and supplementary motor area in the frontal lobes. More posteriorly, there were major foci of activation in parietal and occipitoparietal cortex, precuneus, lingual and fusiform gyri of the ventral occipital lobe, inferior temporal gyrus, and cerebellum. The power of functional response was positively correlated with reaction time in bilateral posterior parietal cortex, indicating that subjects who found the task difficult and responded with a slower reaction time tended to activate these regions more powerfully.
In schizophrenia research, interpretation of studies on working memory has been confounded by the fact that people with schizophrenia have impaired working memory function when the cognitive load exceeds the limited response capacity. We investigated working memory performance on a verbal N-back working memory task in 20 right-handed male subjects with chronic schizophrenia compared with 20 right-handed, age-matched, healthy male controls without personal or familial psychiatric history (30) . Patients were selected on the basis of intact performance on a relatively low-load verbal working memory task, in order to take performance confounds into account. While there were no significant between-group differences in target identification, the schizophrenic patient group showed significantly increased mean response latency. Both groups demonstrated robust fronto-parietal activation. In the control subjects, the power of functional response was positively correlated with reaction time in bilateral posterior parietal cortex. However, this relationship of behavioral performance and cerebral response was not evident in the schizophrenic patients. It is possible that schizophrenic patients exhibit hypofrontality only when the physiological capacity of the PFC to respond to taskrelated requirements is exceeded by the cognitive load of working memory tasks.
Social cognition
Social cognition is what makes us human. To quote Steven Pinker in How the Mind Works (31), "We mortals cannot read other people's minds directly. But we make good guesses from what they say, what we read between the lines, what they show in their faces and eyes, and what best explains their behavior. It is our species' most remarkable talent." Social cognition refers to the ability to perceive, interpret, and respond appropriately to affective and other interpersonal cues. One of the least studied aspects of schizophrenia is emotional functioning, despite the fact that deficits in emotional experience, expression, and perception have been described for up to 100 years. Recently, however, the role of affect and affective-information processing in functional outcome has received greater attention. A deficit in the ability to process information related to affect may be a major factor in functional outcome. In addition to influencing social domains, affective-processing deficits may have wide-ranging impacts on functional outcome. Furthermore, social problem solving, a critical aspect of the maintenance of social and occupational relationships, is also substantially impaired in patients with schizophrenia. It is likely that lower-level aspects of social cognition, such as affect perception and expression, also impact social cognition. For instance, affect perception may be crucial to successful interactions, because the ability to perceive the listener's emotional reaction may be critical for the successful modulation of social and occupational interactions. It is undisputed that patients with schizophrenia have significant problems with interpersonal interactions (32, 33) . These can manifest as poor premorbid social functioning, poor social functioning as the result of an exacerbation of symptoms, or a deficit state during remitted periods (e.g., anhedonia, the lack of ability to experience pleasure). Impairments in social functioning are indeed considered hallmarks of the disease.
Our group investigated social cognition in, to the best of our knowledge, the only study to date that has examined mental state attribution (MSA) in patients with schizophrenia (34) . Using fMRI to explore abnormalities at the neural level in MSA, five individuals with schizophrenia were compared with seven matched controls. The neurocognitive network for normal MSA comprised middle, inferior frontal, and middle temporal regions. The normative network found for MSA was in line with previous findings (35) . In the context of poor performance on this task, it was shown that patients with schizophrenia had significant reductions in neural activity in the left hemisphere and in the region of the middle and superior frontal lobes, bordering the insula (Figure 1 ). Reductions in the blood oxygen level-dependent (BOLD) response were specifically localized to the left inferior frontal gyrus (corresponding to Brodmann areas 44 and 45) relative to control subjects. The frontal underactivation in schizophrenia echoes functional and structural findings indicative of a frontal dysfunction in this patient population (36) . This was the first demonstration of hypofrontality during social processing in schizophrenia (34) .
These findings are consistent with Deakin's hypothesis (37) that dysfunction of a basolateral circuit involving ventral frontal and anterior temporal regions leads to disturbances of social communication and interpretation. A dysfunction of the frontal part of this network in schizophrenia appears to be sufficient to cause the social-interpretation deficits observed during the MSA task discussed above (34) . A reduction in a strikingly similar left inferior frontal activation has also been shown in patients with autism, a condition characterized by theory-of-mind deficits. The integrity of left PFC therefore seems to be crucial for intact theoryof-mind processing, as has been previously suggested (38, 39) . Left frontal underactivation in schizophrenia during MSA thus confirms the hypothesis of a socioemotional neurocognitive deficit in this patient group (34) . Unlike in the study by Baron-Cohen et al. (35) , there was no difference between the two groups in the region of the amygdala.
The neural correlates of symptoms
In a landmark paper, Liddle and colleagues (40) investigated the links between patterns of regional cerebral blood flow and schizophrenic symptoms. They identified three primary symptom clusters -psychomotor poverty, disorganization, and reality distortionand examined whether these symptoms were characterized by different patterns of cerebral perfusion. The results showed that reality-distortion scores were positively correlated with blood flow in the hippocampal region and the left PFC. Patient scores on the disorganization factor were associated with reduced blood flow in the right PFC, together with reduced activity of a left temporal lobe region involved in speech production. Lastly, psychomotor poverty was characterized by reduced activity in the left DLPFC and anterior cingulate. This finding provided support for the idea that negative symptoms are characterized by frontal lobe dysfunction.
Recent research has examined whether the major symptoms of schizophrenia can be linked to abnormal functioning of one or more brain regions. Answering this question may help to identify where antipsychotic drugs should be targeted. Perceptions of speech in the absence of an auditory stimulus (auditory verbal hallucinations) are a cardinal feature of schizophrenia. The initial studies that investigated the impact of positive symptoms, specifically auditory hallucinations, on cortical function used fMRI to replicate work done using radioactive imaging methods like positron emission tomography (PET). An early study demonstrated activations in subcortical nuclei (thalamic and striatal), limbic structures (especially the hippocampus), and paralimbic regions (parahippocampal and cingulate gyri, as well as orbitofrontal cortex) (41). David et al. (42) and Woodruff et al. (43) have found abnormal temporal cortex activation in response to external speech in patients with schizophrenia. In two schizophrenic patients with auditory hallucinations, David and colleagues found reduced activation in auditory cortex in response to auditory stimuli but no abnormalities in visual cortex in response to visual stimuli (42). Woodruff and colleagues replicated this reduction of auditory cortex response in a larger sample of patients with auditory hallucinations (43) and suggested that auditory hallucinations "competed" with external auditory stimuli for the cortical physiological response. In perhaps the most intriguing attempt to date to localize auditory hallucinations, Dierks et al. (44) studied three hallucinating patients using a modified event-related design. Patients indicated when they were hallucinating, and fMRI data from these temporal epochs were analyzed. The authors identified an area in the primary auditory cortex (Heschl's gyrus) that was also activated by external auditory stimuli, suggesting that such hallucinations involve primary auditory cortex dysfunction.
In 2000, Shergill and colleagues described a novel fMRI method permitting the measurement of spontaneous neural activity without the need for subjects to signal when hallucinations occurred (45) . In six patients with schizophrenia experiencing frequent auditory hallucinations, the authors found that these hallucinations were associated with activation in the inferior frontal/insular, anterior cingulate, and temporal cortex bilaterally (with greater responses on the right), in the right thalamus and inferior colliculus, and in the left hippocampus and parahippocampal cortex. These findings suggest that a distributed network of cortical and subcortical areas may mediate auditory hallucinations. The notion that auditory hallucinations might be "inner speech" (thinking in words) was very recently taken further by this same group (46) . Previous studies have shown that individuals with schizophrenia who were prone to auditory hallucinations demonstrated attenuated activation of brain areas during the monitoring of inner speech. Shergill et al. selected eight individuals with schizophrenia and a history of prominent auditory hallucinations and eight control participants and examined the rate of inner-speech generation, which was varied experimentally. The authors found that when the rate of inner-speech generation was increased, schizophrenic patients showed a relatively attenuated response in the right temporal, parietal, parahippocampal, and cerebellar cortex. The research to date supports the notion of abnormal activity of language-and speech-related areas of the brain in individuals with schizophrenia. It is possible that symptoms such as auditory hallucinations are due to a failure of self-monitoring such that inner speech is not recognized as such but instead is perceived as alien.
A disorder of functional connectivity?
Functional imaging research has moved away from looking at schizophrenia as a result of abnormalities in one or two regions -a lesion model -to looking at changes in neural circuits (47) . Most brain regions are highly interconnected, and most tasks recruit the involvement of spatially distributed structures. Functional disconnectivity implies that the normal pattern of distributed activation, and the relationship(s) between activation in regions, are abnormal. Functional disconnectivity may provide an explanation for many of the symptoms and cognitive deficits associated with schizophrenia (48) . Although there is relatively widespread agreement that functional connectivity is abnormal in schizophrenia, debate continues about which circuits are abnormal. Subcortical limbic structures (e.g., the amygdala) connect to the orbitofrontal cortex, and information is transferred to the medial frontal lobe to make social cognition decisions. Neuroimaging studies of social cognition also show us that it is necessary for the subcortical and frontal systems to work in tandem (34) .
Translational medicine and drug discovery
The ability to translate animal models of cognitive deficits to humans and ultimately to schizophrenic patients is likely to allow us to discover the neural correlates of these deficits. Prepulse inhibition (PPI) of the startle reflex is one such mechanism. This is the ability of a weak stimulus, the prepulse, to reduce the startle response to a strong startling stimulus, the pulse, that follows closely (by 30-500 ms) (49) (Figure 2) . Presentation of the pulse at short lead intervals, while the prepulse is still being analyzed, causes impaired processing of, and thus an attenuated overt response to, this stimulus. This phenomenon is thought to reflect a sensorimotor gating mechanism and to serve the function of avoiding behavioral interference that might otherwise result from the simultaneous processing of discrete stimuli. Deficits in the ability to avoid such stimulus interference are thought to lead to sensory overstimulation and behavioral confusion (50) , as seen for example in schizophrenia (51, 52).
PPI is observed in both human and animal subjects (53) , including invertebrates (54) . There is evidence from animal studies that PPI is mediated by brain stem circuits involving the inferior colliculus (mainly for acoustic stimuli), superior colliculus, pedunculopontine tegmental nucleus, laterodorsal tegmental nucleus, substantia nigra pars reticulata, and caudal pontine reticular nucleus (55) , and modulated by forebrain circuits involving the PFC, thalamus, hippocampus, amygdala, nucleus accumbens, striatum, ventral pallidum, globus pallidus, and subpallidal efferents to the pedunculopontine nucleus (56) (57) (58) . Consistent with the known neural substrates of PPI in the rat, deficient PPI is observed in a number of psychiatric and neurological disorders characterized by abnormalities at some level in the cortico-striato-thalamo-pallido-pontine circuitry, including schizophrenia (59-65), Huntington disease (66), obsessive-compulsive disorder (OCD) (67), attention-deficit hyperactivity disorder (68) , and Tourette syndrome (69) .
Whole-brain fMRI has been employed to elucidate the neural correlates of PPI using air-puff stimuli as both the prepulse and the pulse in groups of healthy subjects and schizophrenic patients (70) . In the past, the paradigms most commonly used to demonstrate PPI of the startle response used a strong noise burst as the pulse and a weak noise burst as the prepulse. PPI using an acoustic prepulse combined with an air puff to elicit startle has also been reported to be deficient in patients with schizophrenia (50, 71) . We developed a tactile version of the PPI paradigm (air puffs to the sternum) suitable for fMRI investigations (70) . Using the tactile PPI paradigm, we applied fMRI to examine and compare the neural correlates in normal healthy subjects with those in patients with schizophrenia. Healthy subjects showed, in association with PPI, increased BOLD response bilaterally in the striatum (extending to hippocampus and thalamus), the right inferior frontal gyrus, bilateral inferior parietal lobe, and supramarginal gyrus (70) . Relative to the control group, a significantly reduced BOLD response in all such areas was reported in patients with schizophrenia, who also showed considerably (though not significantly) lower PPI. In general, these findings were consistent with the neural substrates that regulate PPI in the rat (58), with previous studies that investigated neural correlates of PPI in normal and schizophrenic subjects using PET (72) , and with more recent studies that explored neural correlates of PPI in normal subjects using fMRI (73) . However, our study (70) is the first, to our knowledge, to reveal evidence for the involvement of basal ganglia structures and the hippocampus in human PPI. These brain regions not only are known to modulate PPI in the rat (58) but have also been implicated in the pathophysiology and treatment of schizophrenia (74) (75) (76) (77) (78) (79) (80) . Previous neuroimaging investigations in human subjects used a region-of-interest approach that did not include the areas reported here. It is important to note that the patients included in this study (70) were on older, or conventional, antipsychotic medication. The differences between the schizophrenic patients and controls in activity of the striatal, thalamic, hippocampal, and frontal regions most likely reflect an aspect of the schizophrenic illness process, reflected as relatively low PPI. However, it remains possible that these differences are direct effects of conventional antipsychotic medication. Further fMRI studies of PPI are now warranted in (a) healthy subjects treated with conventional and atypical antipsychotics; (b) drug-naive patients with schizophrenia; (c) patients with schizophrenia receiving conventional and atypical antipsychotic drugs; and (d) nonschizophrenic psychiatric patients exhibiting deficient PPI, such as individuals suffering from OCD. In all cases, increased sampling of both sexes will be required to extend and refine these findings.
Another clinical predictor of functional outcome in schizophrenia is the ability to learn. Procedural learning (PL) is a form of skill acquisition in which learning occurs as a function of practice of the task, without the need for conscious awareness of the learned skill or routine (81, 82) . In normal subjects, PL is found to be independent of intelligence and also of performance on tests of declarative learning and memory, such as recall or recognition, in which performance depends on the knowledge of facts and often correlates with intelligence (83) . The functional neuroanatomy of PL has not been fully established using fMRI. Schizophrenic patients often (though not invariably) have been found to show impaired PL. Kumari et al. (84) performed fMRI on healthy individuals, and schizophrenic patients on conventional antipsychotics, during a blocked, periodic sequencelearning task ( Figure 3 ) and revealed that while healthy subjects demonstrated significant PL (Figure  4a ), schizophrenic patients did not (Figure 4b) . In healthy subjects, PL was associated with increased activation in the striatum, thalamus, cerebellum, precuneus, medial frontal lobe, and cingulate gyrus. The power of activation in the thalamus, striatum, precuneus, cingulate gyrus, and Brodmann area 6 was related to the magnitude of PL in these individuals. No regions, except the anterior inferior gyrus, were significantly activated in schizophrenic patients. The degree of activation of the caudate nucleus, thalamus, precuneus, and sensorimotor regions was significantly different between the two groups. The data demonstrate the involvement of the striatum, cerebellum, thalamus, cingulate gyrus, precuneus, and sensorimotor regions in PL. Schizophrenic patients had diminished PL scores and showed a lack of activation in relevant brain regions. The involvement of frontal regions in PL may occur, as suggested earlier, via their connections to the basal ganglia. Alternatively, these regions may be directly involved in attention and error-checking mechanisms required in rapid learning (85) . The study by Kumari et al. (84) , however, involved a low number of schizophrenic patients with mild symptoms and was limited to male subjects. Although the study helps to identify the brain regions involved in PL, it does not provide conclusive evidence that impaired PL in schizophrenia results from conventional antipsychotics or reflects an aspect of the disease process. Further fMRI studies of PL in normal subjects treated with conventional antipsychotics,
Figure 3
An illustration of pattern-trial rules used in a PL test. The asterisklike target moves among four locations on the screen, which is divided into four equal quadrants by two intersecting white lines. The movement of the target during the pattern-trial test is predictable in 75% of cases, as determined by three specific rules: (a) a horizontal target movement is followed by a vertical target movement, (b) a vertical target movement is followed by a diagonal target movement, and (c) a diagonal target movement is followed by a horizontal movement. The fourth movement of the target during the pattern trials is unpredictable. In the control state, individuals are subjected to only random target movements. During the experimental test, individuals are subjected to blocks of patterns and required to determine the expected projectory of imminent movement, and their subsequent reaction time is recorded. Reproduced with permission from Schizophrenia Research (84) . drug-naive patients, and schizophrenic patients given atypical antipsychotics would help to clarify the roles of schizophrenic disease processes and antipsychotic medication in impaired PL and associated brain abnormalities in schizophrenia.
Functional MRI of drug effects
There is a large body of evidence regarding the different pharmacological profiles of the older "typical" and the newer "atypical" antipsychotic drugs; however, relatively little is known about their differential effects on cerebral function. The ability to monitor the effects of antipsychotic drugs on brain activity is likely to greatly aid our understanding of how drugs work, and to help us to identify which drug would be most suitable for a particular patient. Researchers are beginning to use fMRI to examine the effects of different antipsychotic drugs on cerebral activity.
A recent study by our group used fMRI to study whether switching schizophrenics from typical antipsychotic drugs to the atypical drug risperidone would produce differences in brain activity during a working memory task (86) . Working memory deficits have been consistently reported in schizophrenia, and there is evidence of functional hypofrontality during working memory tasks (87) . Working memory performance has been shown to be related to prefrontal dopamine function (88) , and given that there is evidence from animal studies that atypical antipsychotics increase prefrontal dopamine transmission (89), the authors predicted that switching schizophrenics from typical antipsychotics to risperidone would result in the increased activity of prefrontal regions. Patients were scanned at a base-line assessment when all were on typical antipsychotic drugs. Subsequently, half of the schizophrenic group was switched to risperidone while the other half remained on their typical medication. Subjects were rescanned after 6 weeks. Patients switched to risperidone exhibited an increase in blood oxygenation in the right DLPFC, precuneus, and supplementary motor area at follow-up (86, 90) (Figure 5 ). The cause of the observed increase in frontal cortical activity may reflect the effect of dopamine 2 receptor antagonism, a reduction in the activity of inhibitory γ-aminobutyric acid neurons via serotonergic modulation, or, alternatively, a serotoninmediated increase in frontal dopamine activity.
This shows that it may be possible to reactivate brain regions in psychiatric illness via drug treatment. The increased activation in prefrontal regions may help to explain improvements in cognitive functioning that have been observed after treatment with risperidone (91) . The study discussed above (86) also demonstrates the suitability of fMRI as a tool to assess psychopharmacological effects. Given that fMRI has many advantages over radioactive techniques for longitudinal study, this approach could be used to study drug effects in other psychiatric disorders, such as the effects of cholinesterase inhibitors in Alzheimer disease.
Conclusions
In the field of functional brain imaging, much interest is currently being focused on fMRI as a tool that will greatly enhance our understanding of normal brain functioning and how it may differ in psychiatric illnesses. fMRI might be sensitive to the functional consequences of these disorders, where neuropsychological testing alone might miss such pathophysiology. A growing area of research involves the linking of changes in brain function -in either receptor functioning or blood flow -with medication status, clinical improvement, and cognitive functioning. Understanding the link between medication and brain function is vital to the development of the next generation of antipsychotic drugs. Given the large number of brain structures that have been reported to be abnormal in schizophrenia, the focus of research has switched from lesion models of psychosis to theories of disordered neural circuitry. There is already evidence from both structural and functional studies of abnormal connections and interactions between brain regions in schizophrenia, which may help to explain the symptoms and cognitive deficits associated with the disease.
Imaging has transformed our understanding of the mechanisms of action of antipsychotic medications, and therefore their clinical use. However, many questions regarding clinical practice remain to be answered. Why does a patient who has remained stable on medication for months, or possibly years, begins to develop symptoms again? What can predict relapse, and how can we best treat it? Why do some patients respond to one type of medication but not to another? Why are some patients unresponsive to any currently available antipsychotics? At the moment, we have very little understanding of the neurobiological correlates of relapse, remission, and treatment response in schizophrenia. Neuroimaging offers us the possibility of answering these questions, and therefore of improving the quality of patient care.
Neuronal plasticity is now a recognized feature of the adult brain. An important aspect of future investigations might be the possible remediation of cognition and the reawakening of abnormal areas in schizophrenia with new-generation antipsychotics, cognitive enhancers, and psychological cognitive-remediation techniques.
